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Age and growth parameters of paddlefish from Lake
Cumberland were investigated from September 1983 through
July 1984. Sex ratios observed were 60 percent male and 40
percent female. The average total length for all paddlefish
was 135.3 cm with fish captured in net tackle having a
smaller body size than those caught on snag lines. Fish
from the Cumberland River exhibited a greater mean body
length than those from other parts of the lake, and females
were longer than males. The average body weight was 11.8 kg
and showed similar trends as body length. Net-captured
paddlefish weighed less than those caught with snag lines;
fish from the Cumberland River and Lake Cumberland were
heavier than those from the South Fork, and females were
heavier than males. Growth in length was greatest in the
third year of life. The greatest growth in weight of males
occurred between the second and third years and decreased
thereafter with the exception of the ninth year. Growth of
females was highest in the fifth year and remained high
until the ninth and tenth years. Females attained the
greatest body size in winter and spling; males showed their
greatest average size in the spring and summer.
A total of 12 age groups was observed in the paddlefish
population in Lake Cumberland with Age Groups V and VI
dominating the age structure. The longevity of male
paddlefish wa..; less than that of females.
Different body growth responses were observed for males
and females. Males had length-weight "n" exponent values of
2.08 and 2.65 for total length and eye-fork length,
respectively which was lower than that of females.
Length-weight "n" values for total paddlefish in Lake
Cumberland were 3.12 for total length and 3.01 for eye-fork
length. Coefficient of Condition values verified the
faster, earlier growth of males and faster, later growth by
females. Rostrum length averaged 27 percent of the total
body length. Growth in rostrum length was closely related
to growth in body length.
The average survival estimate for paddlefish from Lake
Cumberland was 68 percent, with recruitment of significant
numbers into the yearly harvest starting at Age VI.
INTRODUCTION
The paddlefish, Polyodon spathula (Walbaum), is
considered to be an important species in terms of commercial
and, in recent years, sport harvest (Carlson and Bonislawsky
1981). Its value as a commmercial species results from the
use of its eggs as caviar and flesh as food (Vasetskiy
1971). Its increasing popularity as a sportfish has
prompted further investigation of certain aspects of the
biology of the species to provide for the implementation of
harvest regulations.
A knowledge of the age and rate of growth of a species
is useful in management of fish populations and is of
biological interest. Age and growth studies have practical
applications in answering questions dealing with stock
composition, age at maturity, life span, mortality, growth,
and production. This information forms the basis upon which
sound management policies of fish populations can be based
(Lagler 1956).
Studies involving the paddlefish have shown the species
to be relatively long-lived with a high rate of growth,
although reports from different systems have shown these
features to vary. It has been suggested in several reports
(Stockard 1907; Houser and Bross 1959; Rosen et al. 1982)
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that the growth rate observed in paddlefish is influenced to
a great degree by the abundance of food. Meyer (1960)
indicated growth to be influenced by the type of food
ingested as well as abundance.
The paddlefish population of Lake Cumberland, Kentucky,
is unique in that it inhabits a headwater impoundment.
Thus, it represents a closed population with no influence
from upstream or downstream populations. This isolation
provides a rare opportunity for the characteristics of a
localized population to be defined and compared to
populations in other systems, comparisons which could aid in
determining the biotic and abiotic factors favorable or
unfavorable to the species.
The objectives of this study were to define the age and
growth features of the paddlefish population of Lake
Cumberland, Kentucky.
METHODS AND MATERIALS
Paddlefish collections were made from Lake Cumberland
and its major tributaries from September 1983 through July
1984. Twelve collecting trips were made during the study
period. Sampling dates were determined by weather
conditions, lake water levels, and mortality rates of
paddlefish captured in the net tackle. As a general rule,
sampling trips were made on the main lake during the fall
and winter months and the major tributaries in the spring
and summer (Table 1). Information concerning location of
fish concentrations and sampling depth was provided by local
commercial fishermen.
Paddlefish were collected using gill nets 91 in in
length by 5 in in depth hobbled to 4 in with mesh sizes of 10,
12.7, and 15.2 cm bar measure. Nets were fished for 48 h
periods during each collecting trip.
Live paddlefish captured by project personnel were
weighed to the nearest 0.1 kg and measured to the nearest cm
from the tip of the tail to the middle of the eye and from
the middle of the eye to the tip of the rostrum. Fish were
tagged on the lower jaw with a number 16 bird band just
posterior and laterad the symphysis and released. Dead
paddlefish were weighed, measured, and the lower jaw was
3
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Table 1. Dates and location of project collecting trips to







2 Fall Creek (ML)
3 Oct. 28-30 Cave Creek (CR)
4 Dec. 2-4 Waitsboro (ML)
5 Dec. 17-19 Turkey Creek (SF)
6 Jan. 5-7 Fall Creek (ML)
7 Feb. 17-19 Turkey Creek (SF)
8 Mar. 2-4 Sawyer (CR)
9 Mar. 16-18 Cave Creek (CR)
10 Apr. 6-8 Cave Creek (CR)
11 Apr. 27-28 Alum Ford (SF)
12 May 21-22 Alum Ford (SF)
CR = Cumberland River
ML = Main Lake
SF = Big South Fork of the Cumberland River
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removed. Data taken from recaptured paddlefish included tag
number, date, location, weight, and length.
In addition to data collected by project personnel,
data sets including the lower jaw, body weight, total length
(TL), eye-fork length (EFL) (distance from the fork in the
tail to the middle of the eye), sex, and date and location
of capture of paddlefish were purchased monthly during the
--tudy period from local commercial fishermen. Discrepancies
in "N" values in this study are due to differences in
numbers of paddlefish collected by project personnel and by
commercial fishermen.
Age was determined by cutting cross sections of the
dentary bone, 0.3 mm thickness, with a Dremel Moto-tool
mounted on a fish-spine sectioning base. Four sections were
taken just posterior to the mesial bend in each jaw. The
sections were soaked for approximately 10 min in a clearing
solution of 10 ml of concentrated nitric acid and 90 ml of
70% ethanol, rinsed in 95% ethanol, mounted on glass slides
with Cabisco Kleermount In-xylene permanent mounting medium,
and covered with a cover slip. The slides were placed on a
slide warmer for approximately 24 h to allow the mounting
medium to harden. Sections were read using a Bausch & Lomb
Tr -Simplex microprojector at 12x magnification. Growth
rings were counted according to the method used by Adams
(1942). Distances between rings were measured from the
center of the dentary along the medial arm of the section.
Haloes, or false annuli, were not counted as annuli.
6
Outermost annuli along the outside edge of the section were
counted when they were clearly distinguishable from the
growth period of the previous growing season. If it was not
clear where growth ended and the annulus started, the
annulus from the previous year was counted as the last.
Statistical analyses included data by month, sex,
season, age, location of capture, and tackle used. Mean
total lengths, eye-fork lengths, and body weights were
determined by age class, season, and location. The
length-weight relationship was calculated for total length
and eye-fork length using the formulae
W = aL or,
log W = log a + n log L,
where W=body weight, L=length, and "a" and "n" were
constants derived empirically. Coefficients of Condition







where W=body weight(g), and L=length(mm). Survival
estimates were made using data from the months of September
through November. Survival estimates were based only upon
age classes that contained significant numbers of paddlefish
(5). Back-calculations of length and weight were performed
using data from November through April.
STUDY AREA
Lake Cumberland is a Corps of Engineers multipurpose
impoundment on the upper Cumberland River in southeastern
Kentucky (Fig. 1). The main lake is long and narrow and is
bordered by Clinton, Russell, Wayne, and Pulaski Counties.
It was impounded in 1951 and has a surface area of 20,836
hectares at summer pool with an average depth of 27.4 m
(Henley 1967). The lake is 161 km long and has 1,700 km of
shoreline with a drainage area of 15,041 sq km. It is fed
by numerous small tributaries in addition to the two main
upstream sources, the Cumberland River and the Big South
Fork of the Cumberland River (Fig. 1).
The upper portion of Lake Cumberland lies within the
Cumberland Plateau Physiographic Region (Fenneman 1938)
is characterized by steep, wooded hillsides and deep
valleys. This area is underlaid with rocks of the
Pottsville age and contains layers of shale alternating
and
with
sandstone which has given rise to rather unproductive soil.
As a result, water flowing into the lake from the watershed
is rather nutrient deficient with respect to minerals needed
for production of fish.
The lower portion of the lake is located within the
Highland Rim Physiographic Region which is typically
7




underlaid by Mississippian age rocks. The watershed in this
area is relatively infertile as a result of the limestone
strata that underlies the region and is not as steep and
rugged as the upper portion. Ravines with gentle slopes are
common, often wide in proportion to their length with steep
head walls and underground drainage.
Lake Cumberland was originally designed for flood
control but is also used for recreational and commercial
purposes such as fishing and electricity generation. Annual
drawdown of the lake is about 12.2 m and usually takes place
between May and December (Henley 1967).
RESULTS
A total of 243 paddlefish was taken on 12 collecting
trips to Lake Cumberland from September 1983 through May
1984. An additional 469 paddlefish data sets collected from
the lake during the study period were purchased from local
commercial fishermen. Of the 469 fish, males made up 60
percent of the total while females made up 40 percent.
Length - The average total length for all paddlefish taken
during the study was 135.3 cm with a range of 83.5 to 177.8
(Table 2). Paddlefish captured in net tackle were smaller
than those caught on snag lines, 132.4 cm (83.5-167.5) and
138.4 cm (91.4-177.8), respectively. Paddlefish collected
from the Cumberland River had greater average total body
lengths than fish collected from other parts of the lake
(Table 2). Females had greater average body lengths than
males, 144.8 cm vs. 134.2 cm (Table 3). Mean EFL lengths
showed the same trends as total length (Tables 2 and 3).
Eye-fork lengths represented an average of 73 percent of
total body length for all fish recorded in this study.
Weig_ht - The average body weight of paddlefish captured
from Lake Cumberland was 11.8 kg with a range of 2.3-34.9 kg
(Table 2). Trends in average weight exhibited were similar
to trends in average body length; fish taken with snag lines
11
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Table 2. Mean total length and eye-fork length in cm and
body weight in kg of paddlefish from Lake Cumberland taken








Gill Net 132.4 No Data 10.4
N = 242
Snag Line 138.4 91.7 - 12.5
N = 469
Total 135.3 91.7 11.8
N = 711
LOCATION
Cumberland River 137.2 92.7 12.1
N = 291 N = 226 N = 291
South Fork Creek 135.2 91.2 11.5
N = 323 N = 167 N = 323
Lake Cumberland 136.8 91.3 12.1
N = 55 N = 34 N = 55
Total* N = 670 N = 427 N = 670
*Location N differs from Tackle Type N due to incomplete






















































































































































































































































































































































































































































































































































































































































































































































































































were heavier (12.5 kg) than net caught specimens (10.4 kg);
fish caught in the Cumberland River and Lake Cumberland
(12.1 kg) were heavier than specimens taken from the South
Fork (11.5 kg), and females (15.3 kg) were heavier than
males (10.7 kg) (Table 3).
Growth in Length - Absolute and relative annual increments
of growth for total and eye-fork lengths were observed to be
greatest in the third year of life and generally decreased
each year after the third year (Table 4). Males had greater
average body lengths than females during the first five
years of life while females had greater average lengths
after five years (Table 5, Figures 2 and 3).
Growth in Weight - Annual increments of growth in weight
were different between males and females. In males,
absolute and relative growth increments were greatest
between the second and third year and decreased thereafter,
except for Age Group IX which, however, was represented by
only one individual. In females, absolute weight increments
were greatest in the fifth year and remained high until Age
Groups IX and X. As with growth in length, males generally
had greater average total weights than females through the
fifth year after which females were heaviest (Tables 6 and
7, Figure 4).
Seasonality - There was a marked seasonality in the mean
total length and body weight of captured paddlefish. Both
males and females had their greatest seasonal average total







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2. Average eye-fork length measurements in mm of
male and female paddlefish by age groups collected from Lake
Cumberland, Kentucky, September 1983 - July 1984.
Horizontal line represents the mean, the vertical line the
range, the open box one standard deviation, and the black
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11 111 IV V VI VII VIII IX X XI XII XIII XIV
AGE CLASS
Figure 3. Average toidl length measurements in mm of male
and female paddlefish by age groups collected from Lake
Cumberland, Kentucky, September 1983 - July 1984.
Horizontal line represents the mean, the vertical line the
range, the open box one standard deviation, and the black
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Figure 4. Average body weight in kg of male and female
paddlefish by age groups collected from Lake Cumberland,
Kentucky, September 1983 - July 1984. Horizontal line
represents the mean, the vertical line the range, the open
box one standard deviation, and the black box one standard
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(Table 8). However, the time of greatest body weights was
slightly different, males being heaviest in the summer, 11.3
kg, and females in the winter, 17.1 kg (Table 8).
Length-Weight Relationship - The length-weight relationship
was determined for males, females, and total paddlefish
using both total length and eye-fork lengths (Figures 5 and
6). Males exhibited a different body growth response than
females as evidenced by "n" exponent values less than 3.0,
2.08 for total length and 2.65 for eye-fork length. The
length-weight formulae and accompanying logarithmic
expressions were as follows:
-2
TL Males N = 307 W = 0.325 x 10
Log W = -2.49
x TL 2.08,
+ 2.08 Log TL
or
-7
TL Females N = 195 W = 0.236 x 10
Log W = -7.63
x TL 3.73,
+ 3.73 Log TL
or
-5
TL Total N = 502 W = 0.185 x 10
Log W = -5.73
x TL 3.12,
+ 3.12 Log TL
or
-3
EFL Males N = 283 W = 0.162 x 10
Log W = -3.79
x EFL 2.65,
+ 2.65 Log EFL
or
-5
EFL Females N = 186 W = 0.807 x 10 x EFL 3.09, or





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 5. Length-weight relationship curves for eye-fork
and total lengths of all paddlefish collected from Lake
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Figure 6. Length-weight relationship curves for eye-fork
and total lengths of male and female paddlefish collected










































































































EFL Total N - 469 W - 0.140 x 10 x EFL 3.01, or
Log W = -4.85 + 3.01 Log EFL
Allometry - The rate of growth of the rostrum was compared
with the growth of the body throughout life. The regression
equation, Y = 17.2 f 3.67 X, with an "r" value of 0.68 (N =
242) indicated a close relationship between the growth of
the two features (Figure 7). Growth of the rostrum was
determined to begin at a length of approximately 17.2 mm TL
and represented an average of 27 percent of total length
throughout life. Another example of allometric growth has
been described in the length-weight section in which body
growth of males was of different proportions than females,
having exponent values less than 3.0 for both total length
and eye-fork length determinations.
Coefficient  of Condition - Coefficients of Condition, KTL
and KEFL, were determined for type of tackle the fish were
captured in, age group, and sex (Tables 9 and 10). Eye-fork
length condition values were considerably greater than total
length values for all categories. Fish taken in both tackle
types had similar condition values, 0.44 and 0.45. As a
general rule, condition values increased with increasing age
(Table 9). Condition values were greater for males through
the fifth year, after which females had higher values (Table
10).
Figure 7. Linear regression plot showing allometric growth
relationship of rostrum and total body length of paddlefish
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Table 9. Coefficients of Condition (KTL and KEEL)





Net Tackle (N = 242) 0.44 No Data
Snag Line (N = 469) 0.45 1.55
TOTAL (N = 711) 0.45 1.55
AGE GROUP
II (N = 6) 0.34 1.63
III (N = 11) 0.35 1.48
IV (N = 40) 0.41 1.51
V (N = 153) 0.44 1.53
VI (N - 143) 0.44 1.54
VII (N = 37) 0.47 1.55
VIII (N = 33) 0.52 1.63
IX (N = 35) 0.53 1.67
X (N = 8) 0.59 1.72
XI (N = 1) 0.54 1.68
XII (N = 1) 0.39 1.20
XIII (N = 0)
XIV (N = 1) 0.68 1.93
TOTAL (N = 469) 0.45 1.55
35
Table 10. Coefficients of Condition of paddlefish from Lake
Cumberland by age group and sex.
I(TL KUL
Age Group Males Females Males Females
II 3.21 3.51 1.48 1.71
III 3.63 3.21 1.50 1.45
IV 4.21 3.80 1.53 1.47
V 4.45 3.92 1.54 1.46
VI 4.35 4.45 1.54 1.55
VII 4.38 5.00 1.46 1.65
VIII 4.51 5.33 1.48 1.65







Ages - A total of 12 age groups was observed in the study,
II through XIV, with no representatives of Age Group XIII
being present (Table 9, Figure 8). Age Groups V and VI
dominated the age structure making up 33 and 31 percent of
the total, respectively (Figure 8). The age structure of
the two sexes was different, Age Groups V and VI represented
45 and 34 percent of all males, respectively, whereas
females were more evenly Cistributed among Age Groups IV
through IX ranging from 8 to 24 percent of the total. Males
occurred in Age Groups II through IX, whereas females were
represented in all age groups in which specimens were
recorded.
Survival - Survival data were determined from paddlefish of
Age Groups VI-X collected from September - November 1983.
Average survival for all inclusive age groups was 68 percent
with a low of 22 percent from Age Group VI to VII and a high
of 100 percent from Age Group VIII to IX (Table 11).
Figure 8. Age group distribution of male and female
paddlefish collected from Lake Cumberland, Kentucky,
September 1983 - July 1984.
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Table 11. Numbers of individuals per age group and
percentage survival of paddlefish from Lake Cumberland.
Age Group
% survival







The paddlefish population in Lake Cumberland provided
an excellent source for an annual study of a widely
distributed riverine species. This particular population
represented a closed gene pool, being separated from other
paddlefish populations by the headstream nature of Lake
Cumberland and its high dam. Additionally, it represents a
readily available population of significant size occurring
in optimal environmental conditions for maximum individual
distribution and biological responses. Paddlefish in Lake
Cumberland became limited in numbers for study during the
months of July and August, at which time they had returned
to the lake following the spawn. After a 6-8 week period of
relative inactivity, the fish once again became active as
indicated by an increase if., commercial fishing success.
The paddlefish in Lake Cumberland were not
homogeneously distributed but instead represented large
individual collections or groups of fish found throughout
the lake. Reliable estimates of the size of these groups
were not available but, based upon estimates by commercial
fishermen, these groups may include from 200 to 800
paddlefish. The estimation of the size of the total,
40
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harvestable paddlefish population in Lake Cumberland has
been reported by Hoyt (1984) to be 13,000.
The observed sex ratio of slightly more males than
females in Lake Cumberland was similar to that reported by
Rosen (1976), Gengerke (1978), Rehwinkel (1978), Russell et
al. (1980), Alexander and Peterson (1982), and Rosen et al.
(1982). Sex ratios varied by season ranging from
approximately 1:1 in summer and fall to 3:1 in the winter
and spring (Hageman 1985). These seasonal differences have
been reported to result from reproductive related
activities, males out-numbering females before and during
the spawn (Hageman 1985).
Paddlefish in Lake Cumberland had average body lengths
equal to or greater than those reported in the literature.
Rosen (1976) and Ruelle and Hudson (1977) suggested that the
best biological indicator of growth in length for paddlefish
was the body length or eye-fork length. Both total and
eye-fork measurements taken from paddlefish in Lake
Cumberland were used in making comparisons with reports in
the literature. The average total length of paddlefish from
Lake Cumberland was less than that reported by Rehwinkel
(1978) for fish from the Yellowstone River, Montana, but
greater than that reported by Meyer (1960) and Robinson
(1966). Average eye-fork lengths of fish from Lake
Cumberland were greater than those reported by Rosen (1976),
Unkenholz (1979), Pasch et al. (1980), and Rosen et al.
(1982). Average body weights of fish from Lake Cumberland
42
were greater than those reported for the Missouri River
(Boehmer 1973), Mississippi River (Meyer 1960), and Old
Hickory Reservoir (Pasch et al. 1980), but less than those
weights reported for the Osage River and Lake of the Ozarks
(Purkett 1961; 1963a; Russell et al. 1980), Norris Reservoir
(Carroll et al. 1963; Alexander and Peterson 1982),
Yellowstone River (Rehwinkel 1978), Lewis and Clark Lake
(Unkenholz 1979), and Neosho River (Combs 1981).
Comparisons of observations from this study with data
reported in the literature, such as those above, should be
made carefully with attention being directed to similarities
in collecting efforts and experimental designs. Great
variations were observed between the methods used to collect
data reported in the literature studies cited above and
those employed in this study. Of the reports cited above,
Purkett (1963a), Pehwinkel (1978), Russell et al. (1980),
and Combs (1981) used creel census data as a method of
sampling. Also, if data were collected just prior to or
during the spawning run (Purkett 1961; Alexander and
Peterson 1982) when larger, sexually mature individuals tend
to congregate (Russell et al. 1980), average body size and
weight in the respective studies would be biased upward. By
contrast, projects that collect data over an annual cycle,
such as this study, include specimens taken during the
non-reproductive period, resulting in lower average body
weights and lengths. Consequently, the average body size
determinations observed for paddlefish from Lake Cumberland
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represented an estimate of the true annual biological
condition of the species and still identified a rapid rate
of growth and better than average physical condition for
this population.
The greater than average body weights and lengths
observed for paddlefish in Lake Cumberland may be related to
optimum environmental and growth conditions of the local
habitat. Stockard (1907) and Rosen et al. (1982) suggested
that lake fish grow to a larger size than river fish as a
result of the relatively abundant food resources present in
lakes as compared to livers. Cowell (1970) and Martin and
Novotny (1977) reported impoundments on the Missouri River
to have increased plankton production over the riverine
sections. Houser and Bross (1959) attributed the
accelerated growth of paddlefish of the 1957 age class in
Fort
from
Gibson, Oklahoma, to high food availability resulting
an increase in the
increased rainfall that
project, as compared to
surface area of the lake due to
year. Data from the Lake Cumberland
that of other studies, showed that
increased food abundance is indeed important, although that
alone may not explain the higher growth rate exhibited by
lake fish. Quality or type of food in the paddlefish diet
must be considered when speaking in terms of growth of these
fish. Meyer (1960) found that paddlefish in the Missouri
River were larger and exhibited greater growth than those in
the Mississippi River. He attributed this to the difference
in the primary food items utilized by each group; paddlefish
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from the Missouri River fed primarily on zooplankton,
whereas paddlefish of the Mississippi River fed on mayfly
naiads. It was suggested (Meyer 1960) that the paddlefish
may have utilized zooplankters more efficiently than
mayflies. The fish in the Missouri River may have shown a
high rate of growth, in part, due to the greater nutritional
values of these organisms. Paddlefish in Lake Cumberland
fed on crustacean zooplank ton to a large extent (Hoyt 1984).
Few sources in the literature reviewed reported data
concerning food habits of paddlefish; thus comparisons among
the fish of different systems are limited. Subsequent
studies on the paddlefish should involve detailed
investigation of their food habits so that further
conclusions can be made concerning the effects of type of
food on growth.
Besides food quality and quantity, paddlefish growth
may be affected by how a given amount of energy is utilized
in lake fish versus river fish. Paddlefish in the Missouri
and Mississippi Rivers have been shown to select for areas
in which current from the main river channel is reduced.
Nevertheless, they spent a substantial amount of time in or
adjacent to the main channel (Rosen et al. 1982; Southall
1982). Compared to lake fish, it would seem that a greater
portion of a rivet fish's energy would be expended
attempting to maintain its position in the river current
and, thus, have less energy available for growth.
Conversely, lake fish would expend less energy in
maintaining body position in a static water column so a
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greater proportion of the available energy could be shunted
towards growth.
Absolute growth in length of paddlefish from Lake
Cumberland was highest in the third year of life. This
general trend was also reported by Adams (1942) and
Rehwinkel (1978). Annual length-growth increments
determined for paddlefish in Lake Cumberland were similar to
those reported for fish from the Neosho River, Oklahoma
(Combs 1981), greater than those of the Missouri River
(Robinson 1966; Rosen 1976; Unkenholz 1976), the Yellowstone
Liver (Robinson 1966; Pehwinkel 1978), the Mississippi River
(Meyer 1960), and Old Hickory Reservoir (Pasch et a]. 1980),
and less than those of fish from Fort Gibson Reservoir,
Oklahoma (Houser and Bross 1959; Houser 1965) and in a
Missouri hatchery (Purkett 1963b). Annual weight-growth
increments were greatest between the second and third years
for males with the exception of the ninth year. Females
exhibited relatively high weight-growth increments during
the fourth through the eighth years. Consistent growth
throughout life may be necessary for females to provide for
reproduction upon reaching sexu_ maturity. Annual weight
increments observed for paddlefish in Lake Cumberland were
similar to those reported for fish of the Neosho River,
Oklahoma (Combs 1981) and greater than that reported for
paddlefish of the Missouri River (Boehmer 1973; Rosen 1976)
and the Mississippi River (Meyer 1960; Gengerke 1978). The
relatively high growth rate exhibited by paddlefish in Lake
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Cumberland may be related to the lake versus river fish
hypothesis concerning food abundance, food quality, and
energy expenditures.
The greater growth rate observed for paddlefish in Lake
Cumberland may also be related to the length of the growing
season in this region. A review of the literature indicated
that paddlefish populations of the more northerly reaches of
its range generally exhibit a slower growth rate than those
inhabiting the more southerly areas including Lake
Cumberland. The growing season in the south is longer than
that in the north allowing paddlefish in Lake Cumberland to
continue to grow for a greater length of time and thus
exhibit a greater size at the end of each year.
The size of paddlefish collected in Lake Cumberland was
influenced by the type of collecting gear used in sampling.
Paddlefish captured with commercial snaglines had greater
average body lengths and weights than those collected with
gill nets. Gengerke (1978), in comparing gill net tackle
and snagging gear used by sport fishermen, found snagging to
be less size selective than gill nets. Carroll et al.
(1963) reported commercial snag lines to contribute little
to total catch when used in conjunction with other
commercial gear but considered them to be an effective means
of harvest in the absence of net tackle. Meyer (1960)
suggested that gear normally used in commercial fishing will
not effectively capture small paddlefish. Rosen (1976)
reported that fish less than 2.0 kg and greater than 14.3 kg
47
were less likely to be captured with net tackle. Unkenholz
(1976) reported paddlefish ranging from 4-8 kg to be
captured readily with gill nets, but fish outside this range
were not effectively sampled. At the same time, anglers
snagging in the same area consistently caught paddlefish of
all sizes, including fish less than 4 kg and greater than 8
kg. Collecting gear in the present study selected against
very small and very large paddlefish. Snaglines may have
been less selective against large fish but may also have
selected against very small paddlefish. Apparently young
paddlefish, because of their very small size, were not
susceptible to becoming entangled in the large mesh used in
this study and were also less susceptible to capture by
snag lines.
The location of capture of paddlefish in Lake
Cumberland was observed to influence mean fish body size.
Fish collected in the Cumberland River had greater average
body lengths and weights than those taken in the South Fork
Or main body of the lake. Hoyt (1984) reported paddlefish
in Lake Cumberland moved freely from the main lake into the
upstream arms of the lake with observable preferences for
the uplake tributaries being shown during the fall and
spring months. The occurrence of larger individuals in the
Cumberland River was concluded to be a result of the
seasonal concentration of those larger fish preparing for or
engaging in the spawning migration. Alexander and Peterson
(1982) reported a similar occurrence in Norris Reservoir,
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Tennessee, in which paddlefish in the Clinch River arm of
the lake were larger than those in the Powell River arm.
Female paddlefish in Lake Cumberland were observed to
have greater average body lengths and weights than males, a
trend reported for the species in other systems (Purkett
1961; Friberg 1972; Rosen 1976; Gengerke 1978; Rehwinkel
1978; Russell et al. 1980; Combs 1981; Alexander and
Peterson 1982; Rosen et al. 1982; and Southall 1982). This
feature was considered to be related to sexual maturity and
development. Females grow to a larger size upon sexual
maturity to allow for the successful production of large
numbers of eggs.
The occurrence of the largest size individual male and
female paddlefish at certain seasons in Lake Cumberland was
likewise related to reproductive activity as well as feeding
behavior. The largest females, in terms of mean body weight
and length, were observed in the winter and spring,
respectively, the two seasons relating to reproductive
development and spawning. The largest males were observed
in the spring and summer, respectively, the seasons of
spawning and active postspawning feeding. Russell et al.
(1980) reported large concentrations of larger, mature
female paddlefish to move up into the Osage River on their
spring spawning run leaving the smaller, immature fish
behind in the Lake of the Ozarks. Sampling efforts in these
upstream reproductive areas during the reproductive period
would consequently bias the size distribution of the total
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population. Likewise, Rosen (1976) and Rosen and Hales
(1981) reported seasonal feeding peaks in paddlefish of the
Missouri River in mid-November and December and between
April and mid-June. Hoyt (1984) reported similar trends for
male paddlefish in Lake Cumberland but no regular pattern
was determined for females.
The dominance by Age Groups V and VI in Lake Cumberland
was similar to that reported for other paddlefish
populations. Combs (1981) reported Age Group VIII to
dominate in the Neosho River, Oklahoma. Boehmer (1973)
observed Age Groups IX and X to be most abundant in the
Missouri River. Unkenholz (1980) reported dominant Age
Groups III through VI in the Missouri River. Gengerke
(1978) reported Age Groups III through V to be prevalent in
the Mississippi River, and Pasch et al. (1980) found Age
Groups VII and IX to dominate in Old Hickory Reservoir in
Tennessee.
Dominance of certain age groups in the paddlefish
population of Lake Cumberland may be attributed to sampling
gear. Age Groups V and VI may have been more susceptible to
capture by the tackle used due to their average body size.
Older (larger) and younger (smaller) paddlefish than these
age groups may have been more likely to elude capture.
Also, if paddlefish of Age Groups V and VI were more
susceptible to capture and therefore more likely to suffer
heavy mortalities due to commercial harvest, the number of
these fish escaping capture and thus recruited into later
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age groups would be reduced and result in relatively fewer
old fish available for harvest as was seen in the present
study.
The different age group composition by sexes observed
in Lake Cumberland was also reported in the literature.
Paddlefish of the Mississippi River in Iowa (Gengerke 1978)
had most males in Age Groups III and V while Age Groups IV
and V dominated the age structure of females. The
observation of female paddlefish in Lake Cumberland living
longer than males agreed with the reports of Gengerke
(1978), Rehwinkel (1978), and Russell et al. '(1980).
The greater longevity of female over male paddlefish
may be related to the time of sexual maturity achieved by
each sex. Hoyt (1984) and Hageman (1985) both reported male
paddlefish in Lake Cumberland reaching sexual maturity
faster than females with the females spawning every two or
three years. Earlier sexual maturity in males would impose
the stress of reproductive activity at an earlier age than
in females, thereby reducing the longevity of males.
Male and female paddlefish in Lake Cumberland exhibited
a different growth relationship between increases in body
length and weight as evidenced by "n" exponent values in the
length-weight relationship. Values less than 3.0 for males
indicated that these fish became less rotund with increasing
length than did their female counterparts. The more rotund
body shape of female paddlefish is related to gonad
development and may allow for more efficient packing of
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eggs. Rosen (1976) reported no difference between male and
female growth ratios in the Missouri River.
The length-weight relationship values observed for
paddlefish from Lake Cumberland were similar to those
reported by Unkenholz (1981) for the Missouri River but
greater than those of Rosen (1976) and Rosen et al. (1982).
These observations also support the contention that
paddlefish living in lakes grow larger than those in
riverine systems (Stockard 1907; Rosen et al. 1982).
Further evidence of faster growth rates shown by
paddlefish in Lake Cumberland was provided by the
Coefficient of Condition determination. Condition values
for paddlefish from Lake Cumberland, using both EFL and TL
computations, were greater than those reported for
paddlefish of the Mississippi River (Meyer 1960) and the
Missouri River (Meyer 1960; Rosen 1976; Rosen et al. 1982).
The Coefficient of Condition test also verified the
faster, earlier growth of males and faster, later growth by
females. As was mentioned previously, this trend was
probably related to the preparation of females for
reproduction. Rosen (1976) did not see similar male-female
trends for paddlefish in the Missouri River and suggested
that the low condition factors of large fish in his study
may have resulted from inadequate food supplies in the
Missouri River.
Another growth feature observed in the paddlefish was
that of the rostrum. Stockard (1907) reported the rostrum
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of paddlefish in the Mississippi River to average 27 percent
of the total body length, the same proportion calculated for
paddlefish in this study. Stockard (1907) likewise
suggested that rostrum length represents a progressively
decreasing percentage of body length as body length
increases. Data collected from paddlefish in Lake
Cumberland indicated a close relationship between growth of
the rostrum and body length. Rosen (1976), Ruelle and
Hudson (1978), and Meyer (1960) all reported correlation
coefficients suggestive of a close relationship between
these two growth features of the paddlefish. It can be
concluded, therefore, that regardless of the system which a
given population of paddlefish inhabits, rostrum length
comprises a similar proportion of the total body length and
that growth between the rostrum and body length is closely
correlated.
Survival estimates for paddlefish in Lake Cumberland
were similar to those determined for paddlefish in the
Mississippi River (Gengerke 1978) but lower than those from
the Missouri River (Unkenholz 1980; 1981; Rosen et al.
1982). Data from the present study indicated that
recruitment of individuals in significant numbers into
yearly harvest starts at about Age VI. Low recruitment of
age groups below VI was probably related to bias in
collecting techniques rather than increased mortalities of
those age groups. It has been suggested by Gengerke (1978)
that, assuming constant mortality and recruitment, total
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mortality could be manipulated by adjusting allowable
commercial and sport fishing. Therefore, given the survival
figures from paddlefish in Lake Cumberland, commercial
harvest of paddlefish in that population should be
regulated.
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